Protein kinases in mitotic phosphorylation of budding yeast CENP-A.
Centromere identity is specified epigenetically by specialized nucleosomes containing the evolutionarily conserved centromeric histone H3 variant (Cse4 in budding yeast, CENP-A in humans) which is essential for faithful chromosome segregation. However, the mechanisms of epigenetic regulation of Cse4 have not been clearly defined. We have identified two kinases, Cdc5 (Plk1 in humans) and Ipl1 (Aurora B kinase in humans) that phosphorylate Cse4 to prevent chromosomal instability (CIN). Cdc5 associates with Cse4 in mitosis and Cdc5-mediated phosphorylation of Cse4 is coincident with the centromeric enrichment of Cdc5 during metaphase. Defects in Cdc5-mediated Cse4 phosphorylation causes CIN, whereas constitutive association of Cdc5 with Cse4 results in lethality. Cse4 is also a substrate for Ipl1 and phospho-mimetic cse4 mutants suppress growth defects of ipl1 and Ipl1 kinetochore substrate mutants, namely dam1 spc34 and ndc80. Ipl1-mediated phosphorylation of Cse4 regulates kinetochore-microtubule interactions and chromosome biorientation. We propose that collaboration of Cdc5- and Ipl1-mediated phosphorylation of Cse4 modulates kinetochore structure and function, and chromosome biorientation. These findings demonstrate how phosphorylation of Cse4 regulates the integrity of the kinetochore, and acts as an epigenetic marker for mitotic control.